Introduction
When a relativistic electron beam is deflected by a magnet it produces synchrotron light.1,2,3 In many places at SLAC the light is bright enough to be observable by means of closed circuit television even at very low beam current levels, and has been used for monitoring beam profiles (Ref. 4 , p. 660; Ref. 5) . SLAC electron and positron beam momentum spectra are ordinarily observed by means of secondary emission monitors (Ref. 4 , p. 669). In passing through the aluminum foils of these instruments, the beam produces secondary electrons and X-rays. Since this contamination is intolerable for certain experiments performed in end station "A", a spectrum monitor has been developed which uses synchrotron light.
The Light Source
The monitor is installed some 10 m downstream of the B13 bending magnet in the SLAC "A" line (Ref. 4, p. 586). It makes use of a previously existing vacuum pipe junction which has been modified to serve as a viewing port. The port constrains the light path so that the central ray originates -0.5 m upstream from the center of the magnet. In this location, the electron beam is dispersed horizontally by about 3.3 cm for a 1% spread in beam momentum and a monoenergetic beam would produce a spot 4 mm wide or less. The apparent horizontal angular size of the arc of an electron orbit in B13, as viewed from the direction of the monitor, is limited by the horizontal angular distribution of the synchrotron light. The width of the light cone which is produced by a small local increment of magnetic deflection may be estimated using Schwinger an electron orbit remains within ±3 mrad of the line of sight to the monitor for -.34 m of its path. The sagitta of this arc is -0.3 mm, which corresponds to the distance between two electron orbits which differ in momentum by 0.01%.
The Light Path
The light path (see Fig. 1 ) has been arranged to minimize the effects of radiation damage on the performance of the monitor. Some 9 meters downstream from the source, an aluminized copper mirror reflects the light down a 1.5 meter long vertical vacuum pipe from which the light emerges through a fused silica window. The light is then again reflected into a horizontal path by a first surface glass mirror.
An image of the light source is produced on the entrance face of the image splitter by a pair of positive lenses which are arranged in a manner similar to that used in making an image of the sun by eyepiece projection upon a screen with a small telescope or monocular. The 193 mm f/3.7 primary lens makes a real image in space which is refocused upon the face of the image splitter by a 12 mm eyepiece lens. The system accommodates a 3.6% beam momentum spectrum interval which is -12 cm wide at the light source, and appears to be -4 cm wide at the face of the image splitter. Only a portion of an electron orbit is well focused. As has been indicated above, electrons radiate reduced amounts of light in the direction of the monitor as $00.75 © 1979 IEEE 
Alignment
Most of the visible synchrotron light produced in the magnet is confined within a vertical (*) angular range which is about twice the full width mentioned above, or -2.4 mrad (Ref. 2, p. 9) . At a distance of 11 m, the light illuminates a horizontal strip -2.6 cm high. It is necessary to center the 5.2 cm diameter objective lens of the monitor upon this strip and to align the axis of the lens system and beam splitter assembly along the line of sight determined by a tangent to the central beam orbit and the mirror system. To do this, an observer watches the primary lens by sighting through the bore of the bending magnet B13 with binoculars while his partner shifts the direction of the vertical pipe and the position of the lower mirror until it appears that the area of the primary lens is bisected by the proper horizontal plane. Then an optical target, illuminated by a 600 watt projection lamp, is placed in the synchrotron light source position in the magnet gap. The orientation of the lower mirror and the beam splitter and lens assembly are then manipulated, and the focus is adjusted to form an image of the target at the image splitter input plane. A remotely controlled motor drive is provided for a final small angular adjustment of the lower mirror to center the spectrum in the multiplexed display under electron beam operating conditions.
Radiation Damage
The monitor was first operated with the beam splitter optical axis vertical, and with a single mirror deflecting the light downward. In this configuration, in spite of a 20 cm thick Pb shield just upstream, the window and lenses became opaque from radiation damage after a few days of accelerator operation at high beam current levels. The radiation seems to come from both the upstream and downstream directions. In the present arrangement, with all the transparent optical parts near the floor, stacks of lead bricks shield the components from radiation coming from several directions. It now appears that the monitor, which was refurbished last summer, will survive the radiation well enough to be useful until next summer's shutdown.
Sensitivity
With new lenses and a new window, it was found that the monitor would be useful with a beam current as low as 5 PA peak at 1.6 ps pulse length. The limit on "sensitivity" was not noise, but was the width of the trace on the oscilloscope, operated at 10 mV/cm. 
